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Abstract
In an antisaccade task, where saccades in the direction opposite of a suddenly presented stimulus are required, certain numbers
of prosaccades can occur. The hypothesis is put forward that poor fixation and poor voluntary saccade control constitute two
independent sources for the errors. This possibility is investigated by including the corrections of the errors in the analysis. First,
the eye movements of 346 normal subjects (group N) performing a gap antisaccade and an overlap prosaccade task were
measured. For each subject the proportion of express saccades in the overlap prosaccade task and the proportion of prosaccades
in the gap antisaccade task were determined. The data of 150 subjects with more than 20% proerrors were divided into two
groups: group A with relatively many, group B with relatively few express saccades in the overlap prosaccade task. Group A
subjects produced their errors after significantly shorter reaction times and they corrected their errors significantly faster and more
often than group B subjects. Second, we analysed the data of three groups of subjects: the complete normal group N, a group D
of dyslexic subjects (n343), and a group T containing all subjects irrespective of their cognitive achievements (n780). A highly
significant negative correlation exists between the correction rates and the error rates. A factor analysis of the variables performed
for each group separately results in only two factors, one describing prosaccade the other antisaccade control. Only the error rate
contributes significantly to both factors indicating that high errors may have two independent reasons. © 2000 Elsevier Science
Ltd. All rights reserved.
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1. Introduction
Saccades constitute an important aspect of vision,
because they are made three to five times a second
during natural viewing conditions. Saccades to a sud-
denly presented target stimulus (prosaccades) have been
used quite extensively to study the functional neural
processes underlying their preparation. For prosaccades
automatic and voluntary components are in spatial
register. To study the voluntary component in isolation,
a simple antisaccade task has been introduced, in which
subjects were instructed to look to the side opposite to
the stimulus. This task is called the antisaccade task.
Patients with frontal brain lesions (Guitton, Buchtel
& Douglas, 1985; Fukushima, Fukushima, Miyasaka &
Yamashita, 1994), schizophrenics (Fukushima,
Fukushima, Morita & Yamashita, 1990), and
Alzheimer patients (Flechtner & Sharpe, 1986; Currie,
Ramsden, McArthur & Maruff, 1991) have difficulty
generating antisaccades, while most healthy adult sub-
jects can do the antisaccade task (Guitton et al., 1985;
Reuter-Lorenz, Hughes & Fendrich, 1991; Reuter-
Lorenz, Oonk, Barnes & Hughes, 1995; Weber, 1995).
Nevertheless, healthy adult subjects produce certain
numbers of prosaccades to the visual stimulus (Fischer
& Weber, 1992; Weber, 1995; Fischer, Biscaldi &
Gezeck, 1997a; Fischer, Gezeck & Hartnegg, 1997b).
This partial inability to follow the instructions of the
antisaccade task becomes most evident in a condition
where the fixation target is switched off some time (the
gap) before the stimulus is presented (Fischer & Weber,
1992). In this situation the percent of erroneous prosac-
cades is in the order of 10–15% (for most subjects in
the age range of 20–30 years), while with a visible
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fixation point (overlap paradigm) the error rate drops
to almost zero.
If the side to which the antisaccade must be directed
is indicated to the subject by a brief cue presented 100
ms ahead of time (valid precue), the percentage of
erroneous prosaccades is increased in overlap as well as
in gap conditions (Fischer & Weber, 1996; Weber, Du¨rr
& Fischer, 1998). The increase can reach a factor of two
or three and the mean reaction time of the remaining
correct antisaccades is prolonged by about 40 ms. Nor-
mally developed children below the age of 10 years
have great difficulties with the gap antisaccade task
(Fischer et al., 1997a,b). Their error rate averages about
60%. The error rate drops steadily with increasing age
reaching values below 20% by 15–20 years. Interest-
ingly, several other parameters derived from a gap
antisaccade task (like mean reaction and correction
time) change systematically with age, while those
derived from an overlap prosaccade task change only
slightly (Fischer et al., 1997a,b).
A few qualitative observations have been reported
with respect to the errors and their corrections: (i)
many of the errors occur after relatively short reaction
times, in the range of express saccades, but errors can
also occur after considerably longer reaction times up
to 250 ms (Fischer et al., 1997a,b); and (ii) some naive
subjects produce spontaneously express prosaccades in
the overlap condition and when tested in the gap
antisaccade task they have great difficulties in suppress-
ing prosaccades (Biscaldi, Fischer & Stuhr, 1996).
Other subjects, however, have longer latencies in the
overlap prosaccade task, yet they can hardly perform
the gap antisaccade task correctly. When asked, sub-
jects often misjudged the quality of their performance
by reporting ‘few mistakes’ but made large numbers, or
reporting a poor performance having produced only a
few prosaccades (Mokler & Fischer, 1999). The large
interindividual variability in the performance of these
two simple saccade tasks leads to the question of
whether or not there exist certain general rules of
saccade control that are followed by the different
subjects.
The hypothesis to be tested is that erroneous prosac-
cades in an antisaccade task are due to two independent
processes that we are calling ‘fixation’ and ‘voluntary
control’. In a gap antisaccade task weak ‘fixation’
might lead to many errors, but given a strong voluntary
component, these errors will be corrected. If, on the
other hand, the fixation tendency is strong, high num-
bers of errors may still be made as a consequence of a
weak ‘voluntary control’ and corrections may occur in
fewer cases. We used an experimental protocol de-
scribed earlier (Fischer et al., 1997a,b) to measure the
reaction and correction times and to count the number
of express and erroneous saccades. A test of the hy-
pothesis needs large numbers of subjects in order to
have sufficient data from those with many errors and
those with few errors. We therefore used subjects of all
ages between 9 and 60 years (Fischer et al., 1997a,b). A
factor analysis of the variables resulted in only two
factors and supports the notion that high error rates in




A central red fixation point (Fp, 0.10.1°) and white
stimuli (St, 0.40.4°) on a 2015° green background
were generated by a personal computer and presented
on an RGB colour monitor. The reaction time mea-
surement starts with the real time of stimulus onset at
the screen. The luminance of all stimuli was well above
perceptual threshold. Viewing distance was 57 cm from
the subjects’ eyes.
2.2. Eye mo6ement recording and calibration
Eye movements were measured by infrared light
reflection with a temporal resolution of 1 ms and a
spatial resolution of about 0.1°. The subject’s head was
stabilized by a chin rest. Before the start of each
experimental session, the subjects had to fixate a fixa-
tion stimulus which moved left and right across the
screen. The subjects were instructed to track it. Both
the stimulus and the eye position were superimposed on
a control computer screen. The gain and offset were set
such that the measured eye position would fit linearly
with the respective position of the fixation point on the
screen.
2.3. The gap antisaccade task
The fixation point was presented for 1000 ms. The
stimulus was presented 200 ms after fixation point
offset for 1000 ms until the end of the trial. The
intertrial interval was 1000 ms throughout. The stimuli
were presented always randomly 4° to the right or left
of the fixation point. The subjects were instructed to
make a saccade from the previously presented fixation
point in the direction opposite to the side of stimulus
presentation. Each experimental session consisted of a
block of 200 trials, 100 for each side of stimulus
presentation.
2.4. The o6erlap prosaccade task
In this task the fixation point remained visible and
the subjects were required to look to the stimulus when
it was presented. The timing was otherwise identical to
the antisaccade task.
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2.5. Eye mo6ement data analysis
The beginning of the first three saccades within 700
ms from target onset were determined off-line on the
basis of the A–D-converted eye position signal. A
saccade was detected by a velocity criterion of 30°:s.
The time of the beginning of a saccade was defined by
the time when the velocity signal exceeded 15% of its
maximum within the saccade under consideration. The
time from stimulus onset to the beginning of the first
saccade is the saccadic reaction time (SRT). For the
identification of anticipatory saccades we made use of
the occurrence of direction errors in a prosaccade task.
In agreement with earlier investigations (Wenban-Smith
& Findlay, 1991; Fischer, Weber, Biscaldi, Aiple, Otto
& Stuhr, 1993) we found that these direction errors
occurred with SRTs below about 80 ms. This value was
therefore taken as the cut-off for visually guided
saccades.
The following variables were analysed. From the
antisaccade task: (i) the reaction time of the errors (srt);
(ii) the percent number of errors (perr); (iii) the percent
number of corrected errors (pcor); (iv) the correction
time (crt), i.e. the time between the end of the erro-
neous saccade and the beginning of the second saccade.
From the prosaccade task: (v) the mean reaction time
and (vi) the percent number of express saccades (pexp).
A secondary saccade was considered a corrective sac-
cade if its size exceeded that of the primary saccade and
if its direction was opposite to the direction of the first
saccade and if the primary saccade had a latency above
80 ms (i.e. if it was ‘visually guided’) and if the intersac-
cadic interval was below 400 ms. We also consider the
percentage of all trials in which the subject did not
reach the required opposite side even when two sac-
cades were allowed (pmis). This variable can be calcu-
lated as the product of perr and (1pcor). The total time
a subject needed to reach the opposite side after having
made an erroneous prosaccade was estimated as srt2
srtcrt. This measure neglects the duration of the first
saccade, which, however, was relatively constant, be-
cause its size was about the same (4°). A principal
components factor analysis using the eigen-value crite-
rion was performed with six variables entering the
analysis.
2.6. Subjects
Data of 780 subjects were used for this study. All
subjects were naive with respect to eye movement ex-
periments. Subjects were recruited from schools, among
students, and among friends. Parents and teachers send
children to our lab for a diagnosis of dyslexia. Three
groups are considered: N (normal), D (dyslexic), and T
(total). The first group contained 346 subjects, 150 of
them were selected from the antisaccade sessions by the
criterion of exhibiting more than 20% errors. Group D
contained 343 dyslexic subjects. Group T contained all
subjects, including the normals and the dyslexics and
other subjects with different kinds of cognitive deficits,
but normal intelligence.
3. Results
Reaction and correction time distributions differed
widely from subject to subject, some exhibiting different
modes, others being widely spread. Similarly, the error
and correction rates varied between values of close to
zero and close to 100%.
3.1. Comparison of group mean 6alues
We test the hypothesis that relatively weak ‘fixation’
gives rise to many express saccades in the overlap
prosaccade task and high error rates in the antisaccade
task. Accordingly, subjects with weak ‘fixation’ are
assumed to correct their errors relatively often and
relatively fast. On the other hand, with strong ‘fixation’
the number of express saccades should be small. Yet,
high error rates in the antisaccade task may occur
because of a relatively weak ‘voluntary’ component.
These subjects are expected to correct their errors infre-
quently and after relatively long correction times.
The analysis was based on normal subjects who
produced more than 20% errors (perr\20%). These
subjects were then divided into two groups according to
their results in the overlap prosaccade task. Group A
consisted of subjects with relatively high percentage of
express saccades (pexp) exceeding their percentage of
errors by more than 20%: pexp\perr20%. Group B
consisted of subjects with fewer express saccades:
pexpBperr20%.
Fig. 1 shows in the top two panels the scatter plots of
the percentage of errors in the antisaccade task (hori-
zontally) versus the percentage of express saccades (re-
action time between 80 and 135 ms) obtained from the
same subjects in the overlap prosaccade task. Group A
subjects (N66) are shown at the left, group B subjects
(N84) at the right side.
The pair of panels in the middle depicts scatter plots
of the percentage of corrective saccades (vertical) versus
the percentage of erroneous prosaccades. It shows that
subjects with many errors (\60%) leave many of them
uncorrected, while subjects with low error rates correct
almost all of them. This relationship becomes particu-
larly clear in group B, because it contains more subjects
with errors rates above 60%. This suggests that group A
subjects, when they made many errors, reached the
opposite side by a second saccade in many more cases
as compared with group B subjects.
B. Fischer et al. : Vision Research 40 (2000) 2211–22172214
Fig. 1. Scatter plots of several pairs of variables for group A and B.
The variables are indicated in each panel at the left and apply to both
groups. The upper two panels show how the two groups subdivide
according to their performance in the two tasks.
Table 2
Result of the factor analysis (group T)a







a Significant contributions are printed in bold.
task. Group A produced shorter latency errors (143
ms), corrected them faster (140 ms) and more often
(87%) than group B.
3.1.1. Control analysis
Because we selected the subjects according to their
error rate in the antisaccade task and because the error
rate depends critically on age, the two groups differed
in age: the respective mean values are 27.1913.3 years
for group A and 23.6916.7 years for group B that
contains more children. We therefore re-analysed the
data for subjects below and above age 20 separately.
While clear differences between the younger and the
older group were apparent (confirming earlier studies),
the differences between group A and B remain indepen-
dent of whether the younger or the older groups A and
B were compared.
3.2. Factor analysis
In an attempt to generalize the results from the
selected group, we analysed the data of a group of
dyslexic subjects (group D), because they made — as a
group — significantly more errors than the age
matched controls (Biscaldi, Gezeck & Stuhr, 1998). We
also recombined groups A and B and the rest of normal
naive subjects (group N, including also the subjects
with less than 20% errors). In addition, we analysed the
data of a total group (T), which contained all subjects
irrespective of their cognitive achievements.
We conducted a principal components factor analy-
sis. Six variables entered the analysis: pexp; perr; srt; pcor;
crt; and pmis for each group separately. Using the
eigen-value criterion only two factors were isolated
explaining 80.7% of the variance. These factors were
The bottom panel shows scatter plots of the percent-
age of express saccades versus the percentage of all
trials in which the subjects did not reach the opposite
side even when two saccades were allowed (pmis). Group
A and group B subjects behaved differently. The aver-
age miss rate was 4% for group A and 18% for group
B.
For each variable the mean values and standard
deviations are given in Table 1. The ‘express saccade
rich’ group A produced fewer errors in the antisaccade
Table 1
Mean values and standard deviations of the variables calculated for group A and group B subjectsa
pexp (%) pcor (%) pmis (%) crt (ms)perr (%) srt (ms)N150 srt2 (ms)
33914Group A 27920 87915 495 140945 143929 283965
18921719241191252922Group B 170931181952 352971
a All differences are highly significant with P-values below 0.01.
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very similar for each of the three groups. The loads for
the total group T are given by Table 2. Factor 1
isolated variables characterising the production of anti-
saccades (pcor, crt, pmis) and factor 2 isolated variables
characterising the production of prosaccades in the pro-
as well as in the antisaccade task (pexp and srt). A
mixture occurred with the percentage of errors (perr)
which contributed to both factors. The reaction time
(srt) also contributes to both factors but with opposite
signs. While the percentage of express saccades made
almost no contribution to factor 1, it loaded exclusively
on factor 2, together with a large contribution of the
reaction time of the errors. Note that the two factors
did not differentiate between the task variables, but
between the prosaccade and antisaccade variables. Re-
peating the factor analysis with varimax rotation
yielded very similar results.
This result suggests that large numbers of errors can
occur because of at least two reasons: one has to do
with the ease of making prosaccades (a weakness of
‘fixation’) and the other has to do with the difficulty of
producing antisaccades to reach the opposite side (a
weakness of the ‘voluntary’ component).
When the factor analysis was repeated for the two
other groups the results were very similar. Only two
factors were isolated and the loads were again almost
mutually exclusive with the exception of the error rate.
This suggests that all subjects form only one group
within which each subject can be located by mainly two
factors, each describing a different independent func-
tional aspect of saccade control: ‘fixation’ and ‘volun-
tary’ control.
Fig. 2 shows the scatter plots of those pairs of
variables with the lowest (upper triplet) and the highest
correlations for each group. (We decided to show the
original data, because they show directly the quality of
the correlations). The upper row depicts the scatter plot
of the percentage of express saccades obtained from the
overlap prosaccade task versus the percentage of trials
in which the subjects did not reach the opposite side.
The middle row shows the scatter plot of the correction
rate versus the error rate. The bottom panels selects the
correction time versus the error rate.
Fig. 2. Upper row: scatter plots of miss rates (pmis, horizontal) versus the percentage of express saccades (pexp, vertical). Middle row: percent errors
versus percent corrections (pcor). Bottom row: percentage errors versus correction time (crt). The scatter plots are shown for the three groups as
indicated at the top of the figure.
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The diagonal line in the upper plots of Fig. 2 repre-
sents the limit given by pexp100pmisphit, where
phit is the percentage of trials where the subjects’ line of
gaze arrived at the opposite side after one or after two
saccades. Note, that within the dyslexic group there
were many more subjects with high miss rates. Yet,
comparison with the N group shows that the dyslexics
followed the same rules as the control subjects. They
just fell into different parts of the plots. In other words,
by moving from one subject to another, one essentially
moves within a two dimensional plane (upper row of
plots) or along a line (middle and bottom plots of Fig.
2).
4. Discussion
This study uses the fact that different subjects per-
form quite differently in an gap antisaccade as well as
in an overlap prosaccade task. In these tasks some
subjects, especially children, dyslexics, and the elderly,
may produce error rates well above 50%. In addition,
the rate of corrections of these errors varies from
subject to subject between 5 and 100%.
The results of this study have shown that subjects
who produce many express saccades in the overlap
prosaccade task and many errors in the gap antisaccade
task correct their errors rather quickly and in most
cases. On the other hand, subjects who produce only a
few express saccades but many errors correct their
errors later and relatively seldom. Even when two sac-
cades are allowed, these subjects fail to reach the side
opposite to the stimulus in many cases.
When subjected to a factor analysis it turns out that
the proportion of trials in which the subject produced
express saccades in the overlap prosaccade task was
independent of the proportion of trials where the sub-
jects failed to reach the opposite side in the gap antisac-
cade task. This result was obtained with the two groups
of subjects and with the total group. It suggests that
one has to differentiate in a quantitative manner be-
tween the ability to suppress reflexive prosaccades by
proper fixation on the one hand and to generate anti-
saccades voluntarily on the other hand (Levy, 1996).
Irrespective of whether high numbers of errors in the
antisaccade task are related to age or to deficits in
reading or spelling, the same rule seems to govern
saccade control. The transfer from factors to functions
is made on the basis of the type of variables contribut-
ing to the factors: factor 1 with variables describing
antisaccade production; and factor 2 describing prosac-
cade generation.
This kind of dual saccade control is also suggested by
an analysis of the age dependence of pro- and antisac-
cade generation, which has shown that the fixational
aspect of saccade suppression is well developed by 10
years, while correct performance of the antisaccade task
is still poor at age 10 and develops further until the age
of 15–20 years (Fischer et al., 1997a,b). Voluntarily
directed visual attention may also have an inhibitory
effect on the generation of express saccades (Weber &
Fischer, 1995), but one cannot differentiate between
central fixation stability as such and visual attention
being directed to the fixation point.
The differentiation of the reasons for excessive num-
bers of errors in an antisaccade task is of special
importance when looking at patients with different
diseases (Levy, 1996) or children with dyslexia (Biscaldi
et al., 1998). One wants to know whether the failure to
generate correct antisaccades is due to a failure of
suppression by fixation or to a failure to generate
saccades to internally defined locations as reviewed
recently (Everling & Fischer, 1998).
In conclusion, we are suggesting that by specifying a
measure for fixation stability from the overlap prosac-
cade task and a measure for the weakness of the
voluntary component from the gap antisaccade task
one can locate a subject within a two-dimensional
territory characterising his:her saccade control system.
Within this territory one can specify the borders of
what should be considered ‘typical’ for each age group.
This may make it possible to determine whether a
subject’s saccadic performance suffers from deficits in
the fixation domain, or the voluntary domain or in
both in a quantitative way. This may help to under-
stand the deficits of patients who are impaired on the
antisaccade task (Everling & Fischer, 1998) and to
develop individual training procedures.
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